1. Introduction {#s0005}
===============

Unhealthy behaviors have been implicated in a significant amount of premature deaths ([@b0240]). *Ceteris paribus*, a healthy lifestyle is a *sine qua non* of good health. Lifestyle factors (such as improper dietary habits, lack of physical activity and tobacco smoking) are largely modifiable ([@b0175]). For instance, the traditional Mediterranean diet alone has been shown to be very effective in the control of obesity and the reduction of the incidence of major cardiovascular events ([@b0165]). On the other hand, healthy lifestyles such as dietary modifications, regular physical activity, and gradual weight loss have a substantial impact on the population health and also remain the cornerstone of treatment for most diseases including the non-alcoholic fatty liver disease \[NAFLD\] ([@b0075], [@b0090]), which is a universal disorder considered as the most common liver disease especially in the western world ([@b0025], [@b0010], [@b0105]). NAFLD is also associated with an increased risk of both diabetes and ischemic heart disease ([@b0260]). Though the metabolic disturbances, as well as the long-term complications of NAFLD, are surmountable through lifestyle intervention, poor implementation and reduced adherence to lifestyle intervention programs would ultimately diminish its efficacy ([@b0035], [@b0245]).

Admittedly, this review is not aimed at providing a comprehensive listing of all the common interventions and management methods for NAFLD which have been the subject of other reviews ([@b0050], [@b0105], [@b0135], [@b0215], [@b0270]), but rather to focus, using a different approach, on a representative variety of the lifestyle approaches which have been selected for their popularity and soundness. In other words, this review is mainly aimed at providing relevant but simplified opinions for both clinical and non-clinical audiences on the risk factors and the management of NAFLD vis-à-vis weight reduction, physical exercise and diet modification.

2. Non-alcoholic fatty liver disease {#s0010}
====================================

The non-alcoholic fatty liver disease is the leading cause of liver disease. It comprises hepatic steatosis which is defined as the liver fat deposition affecting \>5% of hepatocytes in the absence of excessive alcohol intake, other liver diseases or the consumption of steatogenic drugs ([@b0065], [@b0080], [@b0185]). It is considered as the hepatic manifestation of the metabolic syndrome. Both the oxidative stress and insulin resistance are known to be involved in the pathogenesis of NAFLD ([@b0075], [@b0080], [@b0205]). Generally, the prevalence of NAFLD varies widely depending on the definition used as well as population studied ([@b0065]). For instance, its prevalence is, at least, 25% of American adults, while 15--35% of the general population in China, Europe, Japan, and the Middle East are estimated to be affected by NAFLD ([@b0210]). Comparatively, 2.8--46% of the world population are reportedly affected ([@b0265]) while about 35% of western populations are affected with this widely prevalent hepatic metabolic disorder. Individuals with type 2 diabetes and obesity are even at higher risk of getting NAFLD ([@b0200]). Despite the high prevalence of NAFLD in the general population, most people only exhibit simple steatosis while only a small percentage of affected individuals eventually develops inflammation and the subsequent fibrosis as well as chronic liver disease ([@b0055]). The factors which are thought to be responsible for the progression from simple steatosis to non-alcoholic steatohepatitis (NASH) include the accumulation of triglycerides in the liver, the free fatty acid lipotoxicity, the activation of inflammatory, oxidative stress and fibrogenesis pathways and the failure of the hepatocytes to replace and regenerate dead cells ([@b0200]). Generally, the histological spectrum of NAFLD includes non-alcoholic fatty liver steatosis (which is defined by a concentration of hepatic triglycerides exceeding 5% of liver weight without hepatocellular injury) and non-alcoholic steatohepatitis (which is characterized by fibrogenesis, hepatocellular damage, hepatocyte ballooning degeneration, lobular necroinflammation and ultimately cirrhosis. Patients who progress to cirrhosis, however, are at risk of potentially life-threatening liver-related complications such as portal hypertension, end-stage hepatic failure and hepatocellular carcinoma ([@b0080], [@b0185]). Therefore, the NAFLD course could follow one or more of its four clinical-pathological entities which are steatosis, NASH, advanced fibrosis/cirrhosis and hepatocellular carcinoma ([@b0160]). NAFLD is also associated with atherosclerosis, increased cardiovascular risks as well as mortality ([@b0250]). In spite of the fact that currently no approved drugs or pharmacological agents for the long-term treatment of NAFLD ([@b0080], [@b0125], [@b0135], [@b0220], [@b0260], [@b0265]), the authors, therefore, opine that lifestyle modification should be considered as the main clinical recommendation and an initial step for the management of NAFLD.

3. Natural history and mortality of NAFLD {#s0015}
=========================================

The studies available in the literature about the natural history and mortality of NAFLD/ NASH are not conclusive owing to the uncertainty and contradictory nature of the available data as well as the difficulty in measuring NAFLD/ NASH in the short-time interval ([@b0040], [@b0050], [@b0135]). Though, the presence of NAFLD tends to increase disease severity and progression in other liver diseases such as alcoholic liver disease, chronic hepatitis C infection, as well as hemochromatosis. Patients with simple steatosis also seem to have a more benign prognosis while NAFLD patients with NASH have a reduced survival when compared with a matched reference population ([@b0040]). Population-based studies and those reporting sequential liver biopsies have reported liver-related mortality in 18% of NASH patients compared to only 3% of the non-NASH cohort after 18.5 years or follow-up ([@b0180], [@b0225], [@b0255]). Furthermore, the general belief that fibrosis progression in NAFLD patients with simple steatosis is uncommon as compared to the frequent progression in NASH has also been challenged by other studies which suggest that simple steatosis may not be an entirely benign condition but rather also able evolve to NASH with advanced fibrosis ([@b0185]). Nevertheless, the authors' opinion is that NASH patients have a higher chance of developing liver-related mortality as compared to patients with only NAFLD but without NASH. Furthermore, we agree with [@b0105] that the highest risk of liver-related mortality is found in patients with fibrosis.

4. Risk factors of NAFLD {#s0020}
========================

Though, NAFLD is a multi-factorial disease as a result of a complex interaction between nutrition, environmental factors and a genetic background, a sedentary behavior, a high-calorie diet, dietary excess of saturated fats, refined carbohydrates and a high fructose intake are among the major contributors to the development of NAFLD ([@b0160]). Other factors which are thought to be involved in the pathogenesis of NAFLD ([Fig. 1](#f0005){ref-type="fig"}), in addition to genetic and nutritional factors, are gut microbiota, insulin resistance, hormones secreted from the adipose tissue and epigenetic factors ([@b0045], [@b0055], [@b0085]).Fig. 1Common Risk Factors of non-alcoholic fatty liver disease (NAFLD).

The relationship between age, gender, NAFLD, and fibrosis also remains unsettled because the high prevalence of NAFLD and the higher stage of fibrosis and cirrhosis in NAFLD are more related to the duration of disease rather than to either age or gender ([@b0255]). Inflammation and fibrosis due to lipotoxic events of the free fatty acids and their metabolites in the liver also appear to be among the major mechanisms underlying the disease progression ([@b0100]). The adipose tissue dysfunction is considered as the key contributor to the pathogenesis of NAFLD and not the body fat mass *per se* ([@b0060]). An altered whole-body energetic homeostasis from an unbalance between triglycerides accumulation and removal is the most common cause of NAFLD ([@b0080]). In such a situation, the caloric intake exceeds its expenditure leading to a spillover of extra-energy in the form of non-esterified fatty acids from the visceral adipose tissue into ectopic fat depots such as the liver, pancreas and skeletal muscles ([@b0160]).

5. Management of NAFLD {#s0025}
======================

The ultimate goals of NAFLD management include, but not limited to, early diagnosis of the disease early, prevention of further progression of the disease, regression of the disease as much as possible as well as improvement of the underlying metabolic syndrome, in addition to prevention of recurrence of NAFLD following liver transplantation after an end-stage liver disease ([@b0025]). Lifestyle intervention ([Table 1](#t0005){ref-type="table"}) is considered as the first-line therapeutic option, particularly, in patients with NASH. Therefore, the development of effective and noninvasive methods which are able to predict NASH resolution after diet and exercise interventions is essential owing to the fact that the use of liver biopsy for monitoring patients is not recommended because it is not only expensive but also invasive and also carries an associated risk ([@b0265]). Furthermore, the American Association for the Study of Liver Diseases (AASLD), similar to the European Association for the Study of the Liver (EASL), European Association for the Study of Diabetes (EASD) and European Association for the Study of Obesity (EASO) have offered some recommendations to suggest more reliable approaches to the diagnostic, therapeutic and preventive aspects of care of NAFLD patients ([@b0065], [@b0155]).Table 1Lifestyle intervention regiments for non-alcoholic fatty liver disease (NAFLD).LifestyleRemarksGradual weight reduction•Moderate = 7% − 10% weight loss•Significant= \>10% for obese and overweight patients with NASH  Increase in physical activity•Moderate-intensity activities = 150--200 min weekly exercise from 10,000 steps walking per day•Aerobic dance•Bicycling•Strength training  Dietary modification•Adequate consumption of diets rich in fruits and vegetables•Mediterranean diet•Reduction in the consumption of saturated fatty acids, total fat, trans-fatty acids, and fructose

The main clinical recommendation for the management of NAFLD includes lifestyle counseling to achieve a gradual weight reduction, an increase in physical activity as well as dietary modification. In a standardized, protocol-based, randomized controlled trial by Promrat and colleagues, the authors reported that lifestyle modifications through behavioral changes, diet, and exercise successfully led to improvements in the liver chemistry, histological activity, degree of steatosis, as well as the overall NASH ([@b0220]). The results have been corroborated by other large prospective studies which were conducted in real-world clinical practice ([@b0260], [@b0265]) in addition to other systematic review and meta-analysis studies ([@b0120], [@b0130], [@b0210]). Though the mechanisms by which lifestyle modification through diet modification and exercise enhance liver enzymes and histology are still poorly understood, nevertheless, lifestyle modification has been shown to improve, abdominal and body fat, hyperlipidemia, insulin resistance, and inflammatory markers. Diet modification also comprises an increased consumption of diets rich in fruits and vegetables in addition to a reduction in the intakes of fructose, total fat, saturated fatty acids and trans-fatty acids ([@b0080]).

5.1. Weight reduction {#s0030}
---------------------

Obesity is an established risk factor for NAFLD which is associated with an impairment of pro/antioxidant equilibrium leading to the inflammation in liver tissue ([@b0145]). On the other hand, the strongest determinant of the development of NAFLD is arguably weight gain making the weight loss as the greatest predictor of reductions in liver aminotransferases and fat ([@b0125]). Therefore, one of the cardinal goals of weight reduction is the reduction of fatty liver and maintenance of a normal heart function ([@b0250]). The most robust and consistent predictor of NASH resolution is the degree of weight loss because a significant weight loss does not only give rise to a reduced fatty acid supply to the liver but also reduces adipose tissue inflammation and proinflammatory cytokine secretion in addition to improving insulin sensitivity and subsequent improvements in the liver histology ([@b0265]). It has also been reported in the literature that the consumption of probiotic yogurt, for instance, may be applicable in reducing risk factors of NAFLD through an improved body mass index and insulin levels ([@b0195]). Generally, patients are encouraged to lose ≥10% of their body weight for significant improvement in the cardiovascular risk profile, liver histology, steatosis as well as reduction in hepatic inflammation and hepatocellular injury despite the difficulty in achieving and sustaining weight loss through energy restriction ([@b0080], [@b0260]). While 7−10% weight loss is considered to be modest, weight losses \>10% are necessary to induce significant improvements in the liver histology of obese and overweight patients with NASH because greater weight losses have been found to have with greater improvements in all histologic parameters, especially in those individuals with significant weight reduction of ≥10% ([@b0260], [@b0265]). Weight loss also decreases diabetes/ cardiovascular risk, regresses liver disease, resolves near universal NASH as well as improves fibrosis by at least one stage ([@b0230]).

5.2. Exercise and physical activity {#s0035}
-----------------------------------

Sedentary lifestyle and physical activity and have been strongly associated with specific physiological effects such as adiposity and cardio-metabolic health outcomes ([@b0095], [@b0170]). Exercise and other physical activities provide a valid low-cost therapy for NAFLD management given the paucity of current treatment options ([@b0130]). Exercise has multiple benefits beyond weight loss. The efficacy of exercise for the reduction of liver fat has also been recognized owing to the difficulty of sustaining weight loss in the long-term, despite its profound effectiveness in the management of NAFLD ([@b0125]). Physical activity and exercise also effectively decrease steatosis and intrahepatic lipids as well as improve liver function independently of weight loss ([@b0080]). The focus of recent clinical investigations, however, is to demarcate the optimal 'dose' of exercise therapy for reducing liver fat and preventing or reversing NAFLD ([@b0125]). Long-term weight loss is achievable through greater amounts of activity. [@b0220], for instance, achieved 7--10% weight loss through moderate-intensity activities which included 200 min weekly exercise from 10,000 steps walking per day, in addition to aerobic dance, bicycling, and strength training. It has also been reported in the literature that physical activity exerted a moderate-to-large impact not only on the reduction of intrahepatic lipid content but also significantly reduced the markers of hepatocellular injury as well as peripheral insulin resistance. Thus, physical activity is highly recommended not only in combination with dietary changes but also as an independent effective approach to manage NAFLD ([@b0130], [@b0210]). Moderate physical activity exercise (such as 30 min of aerobic exercise 4 times a week) is also considered as one of the preferred methods of weight loss ([@b0025]). Aerobic exercise also does not only boost activity and expression of antioxidant enzymes but also facilitate reduction of dichlorodiphenyltrichloroethane (DDT)- induced oxidative damage primarily due to better oxygen availability ([@b0150]). In general, the superiority of exercise to other lifestyle interventions is noticeable in the improvement of insulin sensitivity and BMI reduction ([@b0270]). Our opinion is that exercise greatly helps in containing and reducing body calorie.

5.3. Diet modification {#s0040}
----------------------

Besides the total energy intake, the diet composition also has a significant effect on the metabolic and endocrine functions as well as the overall energy balance ([@b0080]). Therefore, the consumption of diets which are rich in fruits and vegetables is highly recommended for the prevention of oxidative damage and chronic disease ([@b0190]), and NAFLD is not an exception. Plants and plant-based natural products (such as fruit, vegetables, minimally-refined cereal, medicinal and aromatic plants) are sustainable antioxidant sources containing novel biologically active compounds such as phenolic compounds and vitamins with known beneficial effects ([@b0005], [@b0020], [@b0010], [@b0015], [@b0110], [@b0115]). A significant reduction in the consumption of saturated fatty acids, total fat, trans-fatty acids, and fructose is also strongly recommended. For instance, dietary fructose, which is consumed in the form of sugar-containing soft drinks or juices, has been implicated in the pathogenesis of NAFLD ([@b0080]). The high sugar consumption is considered as the major cause of obesity, while fructose-rich diets are known to impair insulin sensitivity leading to the development of NAFLD ([@b0025]). On the other hand, the Mediterranean diet (such as olive oil which is high in monounsaturated fatty acid and/or omega-3 fatty acids) alone even without weight loss does not only reduce liver steatosis but also improve insulin sensitivity in an insulin-resistant population with NAFLD ([@b0235]). The deficiency of dietary omega-3 fatty acid in association with an increase in omega-6 fatty acid in the body has also been reported to cause NAFLD in rats and mice ([@b0025]). The enrichment of frequently-consumed food item such as eggs with essential omega-3 fatty acids \[such as alpha-linolenic acid (ALA), docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA)\] has thus become a common practice in the food industry ([@b0140]). The hepatoprotective potential of coffee in NAFLD patients has also been reported in the literature with underlying mechanisms such as antioxidative, anti-inflammatory, antifibrotic effects, and chemopreventive which explains the effect of coffee to drinkers with chronic liver disease ([@b0030], [@b0070]). In general, diet improves the levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and thus assumes the most effective intervention in the management of patients with NAFLD ([@b0270]). Our opinion is that adherence to low calorie, very low calorie, low carbohydrate and low fat diets with regular physical activity and behavioral modifications are essential for the management of NAFLD.

6. Pharmacotherapy {#s0045}
==================

The authors believe that despite the advocacy for lifestyle intervention, patients with a high risk of disease progression or advanced diseases status should also be supplemented with pharmacological therapy for the additive benefit. According to [@b0050], complete resolution of NASH is rarely achieved with lifestyle intervention alone due to the difficulty and challenges in maintaining it over time. It is axiomatic that NAFLD is associated with metabolic syndrome, thus, the associated comorbidities like diabetes mellitus, obesity, hyperlipidemia, and hypertension are also recommended to be managed well and concurrently as part of NAFLD treatment. A comprehensive guideline based on the recommendations of the AASLD and EASL has been reported in the literature ([@b0025], [@b0065], [@b0155]). In general, the broad categories of pharmacotherapy for the treatment and management of NAFLD are: (1) Antioxidants (such as vitamins C&E); (2) Insulin-sensitizing agents (such as Metformin); (3) Hepatoprotective and miscellaneous agents (such as thioglitazones, Ursodeoxycholic acid, statins, pentoxifylline, Orlistat, etc.); and (4) Bariatric surgery.

7. Conclusion {#s0050}
=============

Healthy lifestyle modifications such as such as dietary modifications, regular physical activity, and gradual weight loss are the best approaches which should be clinically recommended and holistically implemented together as an initial step for the prevention, treatment, and management of NAFLD.

8. Future research directions {#s0055}
=============================

It is highly important to unravel the mechanisms by which each of the aforementioned interventions (dietary modifications, regular physical activity, and gradual weight loss) specifically resolve various stages of liver diseases. There is also a dire need for randomized controlled trials to elucidate the relative importance of different exercise doses.
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